disturbed downstream of a bifurcation by secondary motions. As a result, asymmetric velocity profiles are produced with high shear rates on the inner walls of the daughter tubes. These disturbances result in increased energy dissipation compared with Poiseuille flow. Consequently in the lungs pressure drop will be greater, for a given volume flow rate, than predicted by the Poiseuille equation:
AP=Qx128xpxL 7r x d4 where Q =volume flow rate, , =viscosity, L and d=length and diameter of the tube or branches.
The energy dissipation in these models was calculated from the velocity profiles; then by dimensional analysis a relationship between pressure drop and flow through the model was obtained (Pedley et al. 1970a ). This equation was applied to a symmetrical model of the lung (Weibel 1963) in order to predict pressure drop and distribution of resistance (Pedley et al. 1970b ). Using this model the overall pressure drop from trachea to alveolus, neglecting changes of kinetic energy, is given by: AP=VixKx(t.ixp)4 where K is a constant depending on airway geometry (and hence lung volume), , =viscosity of the gas in the airways, and p =density of gas in the airways.
Thus pressure/flow relations are nonlinear and resistance will depend upon flow rate. The predictions are in close agreement with measured values for lower airway resistance in normal subjects (Ferris et al. 1964 , Hyatt & Wilcox 1963 . Results also predict that the major site of lower airways resistance (below the larynx) is in the larger airways and that airways less than 1-5 mm in diameter contribute less than 10% to total AWR. These equations were developed for inspiratory flow and are not necessarily relevant to expiratory manceuvres. However, for situations where airway collapse does not occur, for example during quiet expiration, where lateral intrabronchial pressure exceeds pleural pressure, a similar relation to the second equation would be expected but the value of K would not necessarily be the same.
DISCUSSION
The Chairman (Dr Grant de Jersey Lee) asked if by forward flow Dr Sudlow was referring to laminar entry flow in the major airways, or to very high flow rates with turbulence. Dr Sudlow said in reply that above moderate flow rates there would be turbulent flow in the larger airways. However, the pressure drop was dominated by the changed velocity profiles which were to a large extent independent of turbulence. If there was turbulence in a long straight pipe, pressure/flow relations were altered dramatically, but one of the interesting things about the lung was that from the point of view of pressure drop, due to the branching nature of the system, the onset of turbulent flow was irrelevant. The Chairman questioned whether the branching system helped to establish laminar flow. Dr Sudlow suggested that the reduction in size in the airways might act like a filter and help to establish laminar flow. Eddies had a certain magnitude so that at a junction where the distal airway was smaller than the size of the eddy the latter could not get through.
On being asked about the symmetry of the model used, Dr 
Mechanisms of Airway Obstruction
Airway obstruction implies narrowing of airways. The mechanisms responsible maybe classified thus: Intrinsic obstruction has to do with changes in the airways themselves, such as contraction of smooth muscle, swelling of mucosa, retention of secretion, inflammation, or fibrosis. Extrinsic obstruction has to do with changes in the forces applied to airways. These forces are of two sorts: forces applied by tissue attachments and forces applied by gas pressure differences. Static extrinsic obstruction: Forces applied to airways by tissue attachments from surrounding parenchyma tend to distend the airways. These forces depend on the nature and extent of the attachments, the elastic properties of the surrounding parenchyma and its degree ofexpansion. None of these factors depends on flow, and hence narrowing of airways due to altered tissue forces may be termed static extrinsic obstruction. It can occur when the number of attachments with surrounding tissues is reduced, or when the recoil force of the surrounding tissue is diminished, which in turn can reflect parenchymal pathology, or simply a functional change, namely a reduction in lung volume. Dynamic extrinsic obstruction: Gas pressure differences across airway walls, i.e. between the airway lumen and the surrounding alveolar gas, tend to distend airways when surrounding alveolar pressures are less than luminal pressures and to compress them when alveolar pressures exceed luminal pressures. These pressure differences depend on flow, hence dynamic extrinsic obstruction occurs when, during expiration, the dynamic pressure-drop from the alveolar gas to some point within the airways is sufficient to result in airway narrowing. Factors favouring dynamic narrowing, or dynamic extrinsic obstruction, are the magnitude of the airway resistance between the alveoli and the point in question (the greater the resistance the greater the pressure drop at a given flow), the magnitude of the flow (the greater the flow the greater the pressure drop), and the compressibility of the airway, which in turn depends not only on the properties of the airway wall itself but also on the effects of tissue forces operating on it.
Dynamic extrinsic obstruction is the commonest form; it occurs in all individuals who can muster even a modest expiratory force. It is also the most complicated and least specific, as may be seen by reviewing the list of factors which favour it. The all-important airway resistance between a dynamically compressed airway and the alveoli supplying it can be increased either intrinsically, in the sense developed above, or extrinsically, both statistically and dynamically. Similarly the compressibility of the airway depends on both intrinsic properties and extrinsic influences. In addition to being the commonest form of obstruction, and the most complicated, it is also the most commonly measured. Almost all tests involving forced expirations, and these include forced expired vital capacities, maximum voluntary ventilation, maximum expiratory flowvolume curves, &c., reflect primarily dynamic extrinsic obstruction.
How can the other forms be recognized? First, measurements of resistance made during inspiration exclude the possibility of dynamic compression of intrathoracic airways. Secondly, measurements of inspiratory resistance made at specific static or mean transpulmonary pressures may help distinguish intrinsic obstruction from static extrinsic obstruction, to the extent that static transpulmonary or mean transpulmonary pressures reflect the tissue forces distending airways.
Finally, an important form of airway obstruction, which may not be detected by the usual tests, was recently brought to light (Macklem & Mead 1967 , Woolcock et al. 1969 .
It depends on the observation that the small airways in lungs contribute normally only a tiny fraction of the total airway resistance. As a result they have to narrow considerably before any detectable change in resistance occurs. But if they narrow irregularly so that the distribution of resistance is non-uniform they can have a measurable influence on another feature of pulmonary mechanics, namely dynamic lung compliance, before there is any detectable abnormality of resistance. To give an extreme example in order to make the point, if half the small airways which together normally account for 10% of total airway resistance were closed off, total airway resistance would increase by about 10%, but dynamic compliance might be cut in half. (Because of the likelihood of collateral pathways static compliance might be normal.) I close then with a paradox: a form of airway obstruction which is detectable only in terms of a test that is not ordinarily associated with airway obstruction. Dr G Cumming asked if the measurement of ventilatory obstruction by measurement of lung elasticity did not require that there was no gaseous communication between the blocked and unblocked airways. He wondered whether, if collateral ventilation was added to the model, the compliance would remain the same. Dr Mead replied that in the normal adult human lung there was a wide availability of flow by collateral pathways so the obstruction of an airway did not keep flow from the lung beyond it. Distensibility measured by rapidly inflating the pathways which were normally patent was diminished in the circumstances of multiple blocking. Of course, the rest of the lung inflated slowly, so the compliance would be normal after a long enough time. Airways obstruction was principally to do with the flow of gas, but he was increasingly interested in the paradox that the airways influenced the way the lungs distended whilst the distended lungs influenced the way the airways allowed the air to go through them; this interplay was functionally very important.
In reply to a question about a 'test for airways obstruction', Dr Mead said there were many different kinds of obstruction; hence there was still a need to measure a number of indices.
